In this study, we used Lentinus edodes residues (XG) and Pleurotus ostreatus residues (PG) as compost materials and used a high-temperature static aerobic composting system to examine the effects of different treatment. We analyzed changes in temperature and compost structure during the process of composting. The study showed that XG and PG mixed by 1:1 increased the temperature of the compost pile and reached to the environmental temperature more rapidly. Mix treatment had maximum temperature of 71°C, had longest megathermal period continued about 9 days than other groups. Scanning Electron Microscope (SEM) showed mix treatment had the best lignin structure variation trend while PG had the worst. Thus, mix treatment significantly increased the composting rate, reaching complete decomposition 10 days before other treatments. These data also suggested that XG as a compost material is better that PG.
INTRODUCTION
Spent mushroom is a by-product of mushroom industry, contains rich nutrients and organic matters. China is the most productive mushroom around the world. More than 70% of the world's output (Xie et al., 2010; Mi et al., 2005; Tian et al., 2011; Wei et al., 2010) and the amount of spent mushroom reach to 4.57×10 7 t every year, most of them are Lentinus edodes residues (XG) and Pleurotus ostreatus residues (PG) (Zhang, 2012) . The main methods for disposal or treatment of spent mushroom include removal to landfills, incineration and composting.
Composting is an environmental, effective method that uses microbes to humify organic matter (Zhu et al., 2004; Berselli et al., 2004) , which is more safe and economical than other methods and is quickly becoming one of the most popular waste treatment technologies (Miikki et al., 1994) . Spent mushroom is degraded once by material, contain a variety of bacteria proteins, metabolites and nutrients that have not been using before. Compared to other crop waste, spent mushroom is a good composting material. However, the report specifically about spent mushroom compost process and parameter control is little.
We used XG and PG as compost material, designed three treatments. There are XG and PG as compost material individually and XG and PG mixed by 1:1 on the basis of the weight. We examined the compost by using an Environmental Scanning Electron Microscope (ESEM) , to analyze the distribution of microorganisms and lignin degradation and we also investigated the effects of different temperatures, to compare different composting cycle and to develop a scientific theory for shortening the composting period and improving the effectiveness of composting.
MATERIALS AND METHODS
Materials: XG and PG were collected from China Edible Fungi Association. The pH of XG and PG were 7.90 and 7.60, organic carbon mass fraction were 58 and 56%, total nitrogen were 7.43 and 7.90%, water content were 63 and 64% water. Urea was purchased from China De Ri Company and contained 46% nitrogen.
Experiment design:
The scale of each compost pile was 2-m long, 1.5-m wide and 1-m high. The initial moisture level was adjusted to 65%, using urea to adjust the C/N ratio to 25:1. The compost pile was turned every three days and water was added to maintain around 65% moisture. The tests were showed in Table 1 .
Sample collection and preparation:
The composting time was from Dec 3 rd , 2013 to Jan 7 th , 2014; totally 35 d. Samples were collected from three different parts, the top, middle and bottom of the compost pile at 0, 6, 13, 20, 26 and 31 days after initiation of composting (n = 10 samples of 100 g each per sample site per time point). For each time, the 10 samples were mixed, yielding 1000 g of sample and the sample was then divided into four 250-g subsamples; one of these subsamples was used for analysis. 150 g was used for superficial analysis and the remaining 100 g was dried at a temperature of up to 105°C and prepared for electron microscope scanning.
Process data: A special mercury thermometer inserted into the center of the compost pile vertically to measure the temperature, providing an accurate reflection of the internal temperature of the compost. At 10:00 and 14:00 h, the temperature was measured and these two measurements were used to determine the average daily temperature. For electron microscopy, fresh compost samples were incubated in a DHG-9123 electric wind dryer for 72 h and then placed on conductive adhesive. Samples were coated with gold for 45 s and subsequently analyzed using a Hitachi S3400 scanning electron microscope (Hitachi, Tokyo, Japan).
Data analysis:
All data were analyzed using Microsoft Excel 2013.
RESULTS AND DISCUSSION
Changes in the appearance of the compost: Superficial analysis is an effective tool to value the compost. Firstly, the compost was quite coarse, greenish and had a slight odor. Midway through the experimental period, the compost became more decomposed, with smaller particle sizes, agglomeration, less smell and a gradual change to a yellowish-brown color. Finally, at the end of composting, the temperature dropped to near room temperature and composts were flocculent, loosely packed and not prickly to touch. Composts also had no distinct smell and exhibited a dark brown color. These results were consistent with the appearance of finished compost, indicating the complete decomposition of the material. While the early progression in each group was similar, differences were observed in the time required for completion of composting. The treatment group A completed composting around day 28; in contrast, treatment group B completed composting around day 22, while treatment group C completed composting around day 32. Thus, these data suggested that XG and PG mixed as compost materials had the shortest composting period and XG is more effective than PG when they composted individually.
Temperature change during composting: Temperature is an very important index of compost stability (Wang, 2013) ; The Harmless Health Organization of China says that compost temperature should reach more than 55°C during composting and the compost should remain at this temperature for 5-10 d, in this way harmful microorganisms can be killed (Deportes et al., 1995) and that manure/feces are decomposed sufficiently such that they are no longer hazardous (Keynan et al., 1961) . The change of temperature of compost is also reflecting changes in the microbial activity during composting. The change in compost may be related to oxidative decomposition of organic matter content. The temperature always show a rises firstly during the early composting process, continues to rise as composting progresses and then gradually falls, when the temperature reaches the Environmental Temperature (ET), the compost can be considered stabilized. Temperature changes for the three groups in this test were showed in Fig. 1 .
In Fig. 1 , the three groups had similar trends, with an initial increase in temperature, followed by a decrease back to the Environmental Temperature (ET). The treatment group B reached at megathermal period at day 5, which was 2 days earlier than the other groups. The period of high temperature for treatment group B was also longer than that for any of the other groups (8-9 days). Moreover, the treatment group B had the highest temperature was 71°C, while treatment group A and C were 68 and 58°C, that's means treatment group B could kill harmful microorganisms more thoroughly than other groups. The reason to cause these phenomenon was XG contains sawdust, which can increase air permeability and provide more oxygen for bacteria, but sawdust are lake of nutrient, while PG contains cottonseed hull, which impede air into the compost pile, but cottonseed hull are rich in nutrients for bacteria need. Treatment group B covered the shortage for each other when the two materials mixed. It's likely due to the increase in thermophilic bacteria and these bacteria release large amounts of soluble sugar, organic acid and energy, contributing to the increased temperature of the compost. Late in the composting process, the temperature dropped rapidly in treatment group B, reaching the Environmental Temperature (ET) more quickly than the other groups. Treatment group B completed composting 10 days before the treatment group C and 5-6 days before treatment groups A. Therefore, from the temperature index, XG and PG mixed was more effective than they compost individually.
Electron microscopy analysis of samples during the composting process: Scanning Electron Microscope Table 1 Fig. 3: Scanning electron microscope images of the compost material structure during the megathermal period. Labeling of the groups is as shown in Table 1 (SEM) is a type of electron microscope that produces images of a sample by scanning it with a focused beam of electron (Karumi et al., 2014; Di Fiore et al., 2014; Li et al., 2014) . We used it to analyze the material composition of the compost directly. Some studies have indicated that lignin structure will change from columnar or massive to lamellar and to mesh-like, when the lignin structure become porous and flocculent structure we can consider compost finished. By observing the distribution of microbes and the lignin structure in the three samples, we can determine which treatment has better result on the composting cycle.
The material structure of compost in the heating period: Figure 2 reflects the structural changes in the composting material during the initial composting phase. From the figure we can distinguish all materials and we know that all samples exhibited a relatively complete columnar and tabular structure. There did not have any microbes and the degradation rate of the material was relatively low. However, the amount of degradation was greater in treatment groups A and B than in treatment group C, for treatment A and B have much more granules than treatment group A and obvious spherical structures were observed. Thus, we concluded that the lignin degradation was higher in treatment groups A and B than in treatment group C.
The material structure of compost in the megathermal period: Compared with the initial period, the structure of the compost material exhibited dramatic difference in the megathermal period, with material having a mesh-like and lamellar structure rather than columnar or massive (Fig. 3) . As showed in the figure, the materials appeared some crevices, that's because microbes entered into the inside of the lignins and released chemical substances to degrade the lignin, when microbes intrude into the material, producing expansion and extrusion forces that can also accelerate the decomposition of the material.; The treatment group A had more obvious lamellar structure than treatment group C, while the treatment group B had a more meshlike structure. Guo and Li (2010) and Ling (1998) have indicated that unicellular bacteria, fungi and spores are spherical, while Actinomycetes, fungi and other filamentous fungi exhibit protonema-like shapes. Additionally, the number of microbes in the treatment group B was much higher than that in other groups, electron microscope images showed that spherical bacteria were predominant in the megathermal period consistent, with the temperature variation observed during the early analysis. Because thermophilic microorganisms were predominant, the temperature rose quickly, allowing the maximum temperature of treatment group B to exceed than in other groups. Some microbes cover the surface of the material, effectively promoting the degradation of the compost by secreting enzymes. Therefor the more microorganisms exist the more quick degradation rate of the material.
The material structure of compost in the cooling period: During this period, the structure of treatment group will become porous and flocculent, indicating further degradation of the material and accumulation of humus. From the figure we can see that treatment group B mainly appeared porous and flocculent structure while treatment group C still retained lamellar structure. Furthermore, there were more filamentous bacteria on the surface of treatment group B, while spherical Table 1 Fig. 5: Scanning electron microscope images of the compost material structure during the maturity period. Labeling of the groups is as shown in Table 1 bacteria decreased because much of the spherical bacteria in the inside of the material degraded the material. Additionally, with the temperature of the compost pile dropped. Actinomycetes can survive and proliferate in the appropriate conditions, which will accelerate decomposition. In Fig. 4 , spherical bacteria increased in treatment groups C, indicating that compost pile would be accelerated decomposition.
The material structure of compost in the maturity period: In Fig. 5 , the structure of the treatment groups resembled irregular fluff, that's means compost had reached maturity. Microbes can hardly see on the surface. The result may be insufficient energy in compost piles, which can lead to inadequate anabolism by microbes, resulting in decreased biomass on the surface of the material. We found that the materials of treatment groups coagulated together, for accumulation of humus. The structure of treatment group A and B appeared flocculent completely, while treatment group C still had porous survived. These data showed treatment group A and B finished compost more quick than treatment group C.
CONCLUSION
From all data we analyzed above, we can summarize treatment group B reached the maximum temperature of 71°C (treatment group A was 68°C, treatment group C was 58°C) and continued about 9 days, which means harmful microorganisms can be killed completely and the SEM showed treatment group A and B had better structure changes during compost. Our data, together with those of other studies cited herein, showed that compost piles could shorten the compost cycle and accelerate the composting process. XG had better effective than PG. Further, when they were mixed by 1:1, the composting time could be reduced by about 10 days.
